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Genetic  diversity  and  population  structure  were  analyzed  in  Boer  goats  raised  in Brazil,  based  on pedigree
information  of  a population  established  from  92  animals  imported  in  1996,  which  received  additional
imported  embryos  in  2000  and  some  sires  from  other  breeders  between  2007  and  2012.  Pedigree  infor-
mation  on  1826  young  kids  born  between  1997  and  2012  was  used  in  the  analyses.  The  herd  census  varied
considerably  among  years,  with  a mean  number  of  registered  offspring  of 82.1  ±  36.1 kids. The  mean  gen-
eration  interval  was  3.67 ± 1.81  years,  and  the mean  number  of  offspring  per  parent  was 19.01 ± 31.38 for
sires  and  3.85  ±  2.80  for dams.  Parents  were  known  for all animals  in the  reference  population  (animals
born  in  the  period  2009–2012),  and  71.4%  and  63.5%  had  grandparents  and  great-grandparents  known,
respectively.  Animals  in  the  reference  population  had  a mean  number  of  equivalent  generations  known
of  3.55  ± 1.27  years,  a mean  inbreeding  coefﬁcient  of  0.75  ±  0.04%  and about  19%  were  inbred.  The mean
relatedness  was 2.28  ± 0.01% for  this  group  of  animals.  Over  the  period  studied,  the rate  of  inbreeding/year
was  0.04 ±  0.0002%,  and  the effective  population  size,  estimated  from  the  individual  rate  of  inbreeding,
was  173.5.  The  effective  number  of  founders  and ancestors  represented  in  the  reference  population  was
33  and  14,  respectively,  and  15 founders  and  5 ancestors  contributed  with  50%  of  the gene pool.  While  in
the  early  years  the  genetic  contributions  to the  herd  were  mostly  from  American-imported  animals,  in
recent  years  the  inﬂuence  of  Brazilian-  and  Australian-born  animals  has  gained  importance.  The results
of our  study  indicate  that  inbreeding  has  been  maintained  at low  levels  in  this  population,  essentially
because  the herd  has  been  kept  open  to the  introduction  of new  animals.  This strategy  should  be  contin-
ued,  to maintain  high  levels  of genetic  diversity,  which  are  needed  for  a  successful  selection  program  of
Boer  goats  in Brazil.
© 2015  Elsevier  B.V.  All  rights  reserved.
1. Introduction
In large populations, in the absence of selection, migration
and mutation, gene and genotype frequencies remain unchanged
through the generations, according to the Hardy–Weinberg theory,
which theoretically assumes the existence of an inﬁnite population.
However, livestock populations are ﬁnite, so that in every gener-
ation those individuals that reproduce represent only a sample of
the genes present in the population where they are coming from
(Falconer and Mackay, 1996).
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The maintenance of genetic diversity is a primary objective in
the management of animal populations, both in selection and con-
servation programs (Fernandez et al., 2005). For a given breed, the
risk of extinction and the liability of undergoing genetic erosion
can be assessed by monitoring a set of parameters characterizing
its structure and genetic variability (Goyache et al., 2003; Caballero
and Toro, 2005).
Genetic diversity has frequently been monitored by assessing
the change in inbreeding and relationships in the population of
interest, and these are often converted into effective population
size, which is considered a reasonable indicator of genetic erosion
(FAO, 1998). However, changes in pedigrees, including recent bot-
tlenecks, may  go undetected, and alternatives have been proposed,
based on the probability of genes originating from different herds
http://dx.doi.org/10.1016/j.smallrumres.2015.09.002
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(Robertson, 1953), founders (James, 1972) and ancestors (Boichard
et al., 1997). These indicators are believed to provide better insight
into short-term changes in the genetic structure and diversity of a
population (Boichard et al., 1997), and have been widely adopted in
analyses carried out in different livestock species, including small
ruminants (e.g., Danchin-Burge et al., 2012; Gowane et al., 2014;
Rashidi et al., 2015).
The Boer is the major meat-producing goat breed around the
world (FAO, 2007) and was imported to Brazil in the 1990’s (Sousa
et al., 1998). The breed is now spread throughout the country, with
the majority of the animals raised in the Northeast region, where
they are used in crossbreeding programs with local goats. Boer
goats were imported to Brazil from the United States and South
Africa, and were brought either as live animals or as embryos. Nev-
ertheless, the total number of imported animals did not exceed
a few hundreds, and it is likely that inbreeding will increase and
become a factor of concern in the near future. Therefore measures
must be taken to preserve this breed in its environment, while
maintaining genetic diversity.
In this study, we used information from the major seedstock
herd of Boer goats in Brazil to: (1) assess the structure and
genetic variability of the population, through the use of pedigree
information; (2) make recommendations regarding the genetic
management of the herd, for possible implementation of a breeding
program aimed at conserving the genetic diversity of the breed.
2. Material and methods
2.1. Animals
The Boer herd studied here was established in 1996 in a
research-oriented farm located the State of Paraiba (Northeast
Brazil), from a group of 92 registered Boer goats imported as live
animals from the United States. Another importation took place
from South Africa in 2000, consisting of 150 Boer embryos. In addi-
tion, 11 animals (males) from private Boer herds in Brazil were
also used for breeding in the experimental herd (2007–2012). These
animals were either born in Brazil or imported from Australia by
those breeders. Over the period of 1997 to 2012 reported here, 1826
young kids were born in this herd, from 70 sires and 345 dams
which were used for breeding.
2.2. Database and pedigree ﬁle
The approval of animal welfare and ethics committee on animal
use was not necessary for this study because the data were obtained
from the existing data ﬁles of Company for Agricultural Research of
State of Paraiba—EMEPA/PB, Brazil. This herd is traditionally raised
under semi-intensive conditions on native and cultivated pastures
(Andropogon gayanus Kunth and Cenchrus ciliaris L.), with supple-
mentation of minerals and concentrate throughout the year, and
supplementation with forage (hay and silage) during periods of low
supply of pastures. Reproduction takes place through controlled
natural mating, so that sires are known for all offspring.
This study includes animals born between 1997 and 2012. For
each animal included in the analyses, information was available
regarding sire, dam, sex and birth date. The records were edited
and validated with respect to the consistency of information on
pedigree, sex, date of birth, and duplicate records. Other sources of
information were also available for this group of animals, including
type of birth, weights at birth and various stages, etc. but these
were not considered in the current analyses. For imported animals,
the information of sire and dam, plus any known ancestor were
included in the database, making the pedigree of animals born in
Brazil progressively fuller.
2.3. Pedigree analysis
Basic demographic information, including number of animals
born by year, age distribution of parents and number of offspring
produced per sire and dam, were computed with SAS 9.2 (SAS Inst.
Inc., Cary, NC).
The degree of pedigree completeness was  evaluated by calcu-
lating the equivalent number of complete generations known per
animal (ni) as in Carolino and Gama (2008):
ni =
ns + nd
2
+ 1
where ns and nd are the number of generations known for the
sire and dam, respectively, when s and d are known; if s or d are
unknown, then ns or nd, respectively, assume a value of −1. Base
animals, i.e., those with unknown parents, were assigned a number
of generations known equal to 0. The degree of pedigree com-
pleteness was also studied by counting the proportion of known
ancestors several generations back (Gutiérrez et al., 2003).
Individual coefﬁcients of inbreeding (Fi) and additive genetic
relationships among pairs of animals were computed based on the
algorithm proposed by Meuwissen and Luo (1992). An inbreed-
ing level of 0 was  assigned to individuals with 1 or both parents
unknown. The rate of inbreeding per year (F/y) was estimated by
the regression coefﬁcient of Fi on year of birth, through the GLM
procedure of SAS software version 9.2 (SAS Inst. Inc., Cary, NC).
The generation interval was  deﬁned as the average age of the
parents at the birth time of their progeny, and it was computed
across the four paths of selection (sire to son, sire to daughter, dam
to son and dam to daughter). The mean of the four selection paths
was considered to correspond to the mean generation interval (L),
which was  used to compute the rate of inbreeding per generation
(F/g) as F/g = L (F/y). The effective population size (Ne) was
then calculated as (Falconer and Mackay, 1996):
Ne = 1
2
(
F/g
)
in which F/g refers to the relative increase in inbreeding per
generation. In addition, Ne was also calculated based on the indi-
vidual change in inbreeding following Gutiérrez et al. (2009), as:
Fi = 1 − ni−1
√
1 − Fi
where Fi is the coefﬁcient of inbreeding of an individual and ni is
its equivalent number of complete generations known.
A reference population was deﬁned, in order to represent the
current set of genes represented in the breed. This reference pop-
ulation is often used to investigate the genetic contributions of
various ancestors in the pedigree, and usually covers a short period
of time, to avoid the possibility of including both parents and their
offspring, as this could bias the results (Boichard et al., 1997). In
this study, the reference population corresponded to the group of
goats born in the years 2009 and 2012.
The genetic contributions of founder and ancestor animals to the
reference population were computed, as described by James (1972),
Lacy (1989) and Boichard et al. (1997). Brieﬂy, these methodolo-
gies are based on the assumption that an allele taken at random
from any locus of an individual has a probability of 0.5 of having
been received from a given parent, 0.25 from a grandparent, etc.
(Carolino and Gama, 2008). The effective number of founders (fe)
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Fig. 1. Number of animals (males and females) born per year, in the population of Boer goats studied.
and ancestors (fa) were computed from those genetic contributions
as
fj =
1
n∑
k=1
q2
k
where subscript j corresponds to founders or ancestors, depending
on the situation considered, and qk represents the genetic contribu-
tion of a given founder or the marginal contribution of an ancestor
(Boichard et al., 1997). The ratio fe/fa was also calculated, where
higher values indicate stronger bottleneck effects in pedigree.
The effective number of founders is deﬁned as the number of
equally contributing founders that would be expected to gener-
ate a similar amount of genetic diversity in the population studied
and the effective number of ancestors is the minimum number of
ancestors, not necessarily founders, explaining the entire genetic
diversity of a population.
The average relatedness (AR) among each animal and the rest of
the population was also calculated, which corresponds to the mean
relationship of each individual with all animals in the pedigree. The
genetic conservation index (GCI), as proposed by Alderson (1992),
was computed for each individual, and was calculated from the
genetic contribution of all identiﬁed founders
GCI = 1
p2
i
where pi is the proportion of genes of the ith founder contributed
to the pedigree of an animal.
All demographic analyses were performed using the ENDOG
version 4.8 software (Gutiérrez and Goyache, 2005) and statisti-
cal analyses were carried out with the SAS software (SAS Inst. Inc.,
Cary, NC).
3. Results
The pedigree ﬁle included records on 2305 animals, of which
478 animals were founders (both parents unknown) and 1827 had
both parents known. There were no cases where only one parent
was known. The evolution of the number of animals (males and
females) registered in the pedigree ﬁle between 1997 and 2012 is
shown in Fig. 1. The mean number of animals registered annually in
the herd was 82.1 ± 36.1, but the herd census varied considerably
among years, with a downward trend especially after 2007.
The age distribution of bucks and does when they produce kids
(Fig. 2) indicates that sires produce offspring mostly at the age of
Table 1
Mean generation interval ± SD for all kids born and for the four paths of selection in
a  population of Boer goats.
Path n Generation interval ± SD (yrs)
Sire – Son 176 3.17 ± 1.60
Sire – Daughter 210 3.19 ± 1.47
Dam – Son 279 4.06 ± 1.92
Dam – Daughter 296 3.95 ± 1.91
Total 961 3.67 ± 1.81
2 and 3 years and their number declines rapidly afterwards, while
females are kept in reproduction until later ages.
The mean generation interval (Table 1), based on the age of sires
and dams at the birth to their offspring, was 3.67 ± 1.81 years. When
the different selection paths were considered, the average age of
sires and dams at the birth of their offspring was  3.18 and 4.01 years,
respectively. These results conﬁrm that dams tend to be used in
breeding for longer periods than sires, thus with lower replacement
rates. Nevertheless, the differences in age of parents of male and
female offspring were negligible.
The average number of offspring per sire (Fig. 3a) showed high
variability, with a mean of 19.01 ± 31.38 offspring produced per
sire, where the vast majority of the 70 sires used for breeding
(45.71%) produced less than 5 offspring (corresponding to 3.98% of
the goat kids). On the other hand, very few bucks were sires of the
majority of the young goats born in the population, such that only
11.43% of the bucks sired more than 50 offspring, thus producing
55.3% of the young kids.
As regards the dams (Fig. 3b), the average number of kids pro-
duced per doe was 3.85 ± 2.80, with a more balanced distribution
than that observed for sires. However, it is emphasized that 12.17%
of dams belong to the classes of eight or more offspring/dam, total-
ing 21.61% of the young kids produced, indicating that these dams
were kept in the herd for a long period of time, which can lead
to increases in generation intervals and the consequences arising
from the prolonged use of sires/dams.
The prolonged use of sires and dams in breeding may  increase
the probability of matings between close relatives, if no restric-
tions are applied. In this population of Boer goats, the number
of parent-offspring matings and matings between half-sibs in the
whole population was  about 0.5 and 1.5%, respectively (Table 2),
indicating a likely concern of breeders to avoid matings among
close relatives.
The pedigree of the population of Boer goats analyzed showed
a reasonable level of integrity, with 51.06% of the animals in the
whole population having known great-grandparents (Table 2). The
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Fig. 2. Number of offspring produced by age class of the sires and dams in the population of Boer goats studied.
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Fig. 3. Number of parents and offspring, by classes of number of offspring per parent in the Boer goat population studied, for: a) sires and b) dams.
pedigree showed a higher level of integrity when the reference
population was considered, with parents and great-grandparents
known for 100% and 63.5% of the animals, respectively.
The degree of pedigree integrity was also estimated by the
equivalent number of generations, which increased from 2.84 for
goats born in 1998 to 4.44 for goats born in 2010 (Fig. 4). After
2010, external animals were introduced in the herd, both originat-
ing from other herds and from imported embryos. These animals
had limited pedigree information, which resulted in a decline in the
number of equivalent number of generations in the last two  years.
The evolution of mean inbreeding (Fig. 4) indicates that it has
been kept at levels not exceeding 2.2%, with ﬂuctuations over the
years, probably due to the introduction of unrelated sires from
external herds and imported sires, as well as by the reproductive
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Table  2
Population genetic parameters estimated for Boer goats, considering the entire population (n = 2305) and a reference population (kids born between 2009 and 2012, n = 210)
Parameter All animals Reference population
Matings between half-sibs, (%) 1.48 –
Parent-offspring matings, (%) 0.56 –
Pedigree completeness in the ﬁrst parental generation (parents), (%) 79.22 100.0
Pedigree completeness in the second parental generation (grandparents), (%) 61.79 71.43
Pedigree completeness in the third parental generation (great-grandparents), (%) 51.06 63.45
Mean equivalent number of complete generations 2.47 ± 1.66 3.55 ± 1.27
Average inbreeding coefﬁcient, (%) 0.53 ± 0.03 0.75 ± 0.04
Animals with inbreeding coefﬁcient /= 0, (%) 8.50 19.05
Maximum inbreeding coefﬁcient, (%) 25.0 25.0
F/year, (%)a 0.04 ± 0.0002 −0.01 ± 0.003
F/generation, (%) 0.15 −0.05
Average  relatedness, (%) 1.69 ± 0.01 2.28 ± 0.01
Effective population sizeb 340 –
Effective population sizec 173.53 47.58
Genetic conservation index (GCI) 7.35 ± 6.48 10.0 ± 8.0
Regression coefﬁcient of GCI/year 0.1908 ± 0.04 –
Effective number of founders (fe) 145 33
Effective number of ancestors (fa) 56 14
Number of founders explaining 50% of the gene pool 78 15
Number of ancestors explaining 50% of the gene pool 25 5
Contribution of 2 most inﬂuential founders, (%) 3.45 18.57
Contribution of 2 most inﬂuential ancestors, (%) 12.52 28.45
a F = rate of inbreeding.
b From the annual rate of inbreeding (Falconer and MacKay, 1996).
c From the individual rate of inbreeding (Gutiérrez et al. 2009).
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Fig. 4. Averages (%) by year of birth for the coefﬁcients, of inbreeding and relatedness and for number of equivalent generations in the Boer goat breed.
management, planned so as to avoid matings between close rela-
tives. Nevertheless, there was a slight increase in the mean level
of inbreeding over the years and generations (Fig. 4), ranging from
0.15% for animals born in 2001 to 2.19% for animals born in 2007,
with a decline afterwards.
The percentage of inbred animals in the overall population was
8.50% (Table 2), with average inbreeding equal to 6.22 ± 0.07% for
these animals (results not shown). For the entire population, the
average inbreeding coefﬁcient was estimated at 0.53%, while the
average relatedness was  almost three times the observed value
for inbreeding, both in the reference and the whole population
(Table 2).
The linear regression coefﬁcient of inbreeding on year of birth
provided the estimate for the rate of inbreeding per year (Table 2).
The rate of inbreeding per generation (F/g) (calculated from the
F/year, assuming an average generation interval of 3.68 years)
and its corresponding Ne were 0.15% and 340, respectively, for
the entire population (Table 2). For the reference population, given
the decline observed in inbreeding in the last two  years, the esti-
mated rate of inbreeding per generation, computed from the annual
rate of inbreeding and the same generation interval, was  negative
(F/g = −0.23%).
The average relatedness, although it has increased over the
years, presented a behavior similar to that observed for inbreed-
ing, with a marked reduction between the years 2011 and 2012
(Fig. 4).
Overall, there were 480 founders in the total population, of
which 197 were males and 283 were females. In the reference pop-
ulation, there were 205 founders represented, of which 84 were
males and 121 were females (results not shown). The results of
retrospective assessment of cumulative genetic contributions of
founders and ancestors, in the total and reference populations, are
summarized in Table 2 and represented in Fig. 5a and b, respec-
tively.
The contribution of ancestors to the population was highly
unbalanced, resulting in an effective number of ancestors (fa = 14,
Table 2) which corresponded to less than half of the effective num-
ber of founders (fe = 33).
The cumulative genetic contributions of the founders and ances-
tors ranked according to their inﬂuence on the total and the
reference populations (Fig. 5a and b, respectively), shows a sharp
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increase in genetic contribution in the early stage of the curve corre-
sponding to few animals, indicating that a small number of animals
has a strong inﬂuence in the herd, such that the ﬁve major founders
and ancestors contributed with 31.34% and 40.92%, respectively,
of the genetic variability of the population. Corroborating these
results, 78 founders and 25 ancestors contributed with 50% of the
genetic pool of the whole population, and these ﬁgures are even
smaller when the reference population was considered, (Table 2).
As expected, the majority of the more inﬂuential ancestors were
males, with 18 sires represented among the 25 ancestors with the
greatest impact in the total population.
The progressive reduction in genetic variability in the popula-
tion of Boer goats over the years is conﬁrmed by the decline in the
effective number of founders and ancestors contributing to the gene
pool of the population (Fig. 6). In the period between 2000–2002
and 2009–2012 the effective number of founders and ancestors rep-
resented in the population, fell around 36% and 48%, respectively.
Moreover, considering the same period, a reduction of around 38%
was observed in the number of ancestors contributing 50% of the
gene pool of the population.
Fig. 7 shows the evolution over the years of the contribution
of the more inﬂuential ancestors contributing to the reference
population. There was  a trend of sustained genetic contribution
of some sires from the early years, due to intensive and increas-
ing use of their bloodlines in the gene pool of Boer goats, which
still maintain considerable inﬂuence in the current population. For
example, ancestral 96,248,059 has maintained a considerable inﬂu-
ence on the population over the generations, with contributions
corresponding to 11.31% in 2000–2002 and 3.09% in 2009–2012. In
the last generation (animals born in 2009–2012) a few sires from
Brazil or imported from Australia or the United States were used
and had a major impact on the gene pool of the breed (Fig. 7).
The number of founders represented in the contributions
received by an individual and the balance between them was
assessed by calculating the GCI of all animals, where high GCI val-
ues correspond to animals with more balanced representation from
a large number of founders. In the reference population, the over-
all average GCI was 10.0 ± 7.86 (Table 2), with values ranging from
2.0 to 34.0. Over the years, an increase in the global GCI for the
whole population was  observed, with a regression coefﬁcient of GCI
on year of birth of 0.1908 ± 0.04 (Table 2), indicating an increased
contribution of several founders.
4. Discussion
Goat production in Brazil takes place essentially in the North-
east region, spreading through the states of Rio Grande do Norte,
Paraiba, Pernambuco, Alagoas and Bahia (IBGE, 2011), and is largely
based on local naturalized breeds, developed over centuries of
adaptation from animals imported from the Iberian Peninsula
and possibly from other origins (Ribeiro et al., 2012). In recent
years, exotic breeds were introduced in crossbreeding programs
(McManus et al., 2014, among which the Boer breed became very
popular when meat production is targeted (Sousa et al., 2006). The
Boer was developed in South Africa from indigenous goat types
(Campbell, 2004), and is now spread throughout the world (FAO,
2007). Its popularity derives from its excellent abilities for meat
production, including fast growth rate, carcass quality, hardiness,
proliﬁcacy and docility, which have promoted their extensive use
in crossbreeding systems (Malan, 2000). The introduction of Boer
goats in Brazil took place mostly in the Northeast region, but it is
now spread in many other parts of Brazil, including some purebred
registered herds (McManus et al., 2014).
Pedigree analysis is essential to understand the genetic structure
of a population and to identify the occurrence of genetic erosion,
reﬂected either as increased inbreeding or bottlenecks leading to
reduced genetic contribution of founders and ancestors. For the-
ses analyses, pedigrees with high integrity are required, as they
are essential for obtaining accurate estimates of inbreeding, gene
ﬂow, generation intervals, among others (Gowane et al., 2014).
Therefore, an incomplete pedigree leads to an underestimation of
inbreeding and the introduction of new animals in the population
immediately reduces the estimated level of inbreeding (Boichard
et al., 1997).
In our study, we  have analyzed the genetic structure of one of the
major Boer herds in Brazil, which has contributed breeding stock
to several goat producers in the Northeast region. The number of
animals born in the herd varied considerably from year to year,
reﬂecting the introduction of Boer goats from other breeders and
countries, and the corresponding census changes (Fig. 1).
The pedigree of this herd showed a reasonable level of integrity,
with nearly 3.5 complete generations known for animals born in
the period 2009–2012, which had grandparents known in 71% of
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Fig. 7. Evolution of marginal genetic contribution of the 10 largest ancestors of Boer goats born over the last 14 years, considering different periods.Each ancestor is identiﬁed
by  its identiﬁcation number and country of origin (USA: United States of America; BR: Brazil; AUS: Australia).
the cases. In small ruminants, pedigree information is often more
limited than for other species, but our results with Boer goats are
similar to those reported for various other goat breeds (Danchin-
Burge et al., 2012) as well as some sheep breeds (Huby et al., 2003;
Pedrosa et al., 2010; Mokhtari et al., 2013; Eteqadi et al., 2014;
Goyache et al., 2003).
In general, the generation interval in Boer goats was  not very
different from that observed for other breeds of goats or even sheep.
In this study we observed a generation interval of 3.67, similar to the
results reported for the goat breeds Markhoz (3.55 years, Rashidi
et al., 2015) and Blue and Moxotó (3.0 years, Lima et al., 2007). In
sheep, the generation intervals are also comparable, with means of
3.70 years in Santa Inês sheep in Brazil (Pedrosa et al., 2010) and
3.27 years for for Elsenburg Dormer (Van Wyk  et al., 2009). In other
goat breeds, however, the generation interval can be different, and
be either lower, such as observed in the breeds Girgentana (2.5
years, Portolano et al., 2004), Canindé and Graúna (2.75 and 2.87
years, respectively, Lima et al., 2007), or Granadina (2.88 years, León
et al., 2005). Higher generation intervals than found in our study
were reported for the Marota Brazilian breed (5.28 years, Barros
et al., 2011).
In the herd analyzed, sires were used in reproduction at younger
ages than dams and left the herd earlier, such that the mean gener-
ation interval was nearly 0.8 years longer in dams than in sires. The
majority of the sires produced less than 20 offspring, and 8 bucks
sired more than 50 offspring, producing nearly 55% of the young
kids born in the herd. This intensive use of a few bucks may  be ben-
eﬁcial to increase selection accuracy and intensity, but inevitably
results in increased inbreeding.
Traditionally, monitoring the evolution of the rates of inbreed-
ing and relatedness through time has been considered the standard
procedure to assess changes in the genetic diversity of a population
(Falconer and MacKay, 1996; Hill, 2000), and also to control the
rates of inbreeding and maximize the retention of genetic diversity.
Therefore, controlling inbreeding must be one of the greatest goals
in conservation or selection programs (Meuwissen and Woolliams,
1994; Caballero and Toro, 2002; Carolino and Gama, 2008), and
it is recommended that the effective size of a population should
not be less than 50, so that the genetic diversity is maintained at
an acceptable level, for conservation and selection programs (FAO,
1998; Meuwissen and Woolliams, 1994; Goddard and Smith, 1990).
In this study, the average inbreeding in Boer goats is small
(mean of 0.53%) and similar to that observed by Barros et al. (2011)
in Marota goats (0.11%), but much lower than that observed by
Danchin-Burge et al. (2012) in Alpine (2.37%), Saanen (2.25) and
Angora goats (3.26), and Rashidi et al. (2015) with Markhoz goats
(4.20%). On the other hand, inbreeding rates per year (0.04%) and
generation (0.15%) in our study were higher than those observed
by León et al. (2005) for Almeria, Granada and Cordoba goat.
In our analyses, inbreeding changed considerably from year to
year, largely reﬂecting the introduction of external animals or peri-
ods of bottleneck when the population was closed. Overall, the rate
inbreeding per generation was  lower than the critical threshold of
1% set by the FAO (1998) and the Ne for the total population was
higher than 50 (FAO, 1998). These results indicate that, even though
Ne for the reference population was  lower than established by the
FAO (1998), the possibility of genetic diversity loss is not currently a
matter of major concern for the population studied, since the rates
of inbreeding per year and generation were negative, as a result of
the use of external sires in the herd.
A reduction was observed over the years in the effective number
of founders and ancestors, such that in the reference popula-
tion (animals born in 2009–2012) the effective numbers were 33
founders and 14 ancestors, of which 5 ancestors explained 50%
of the genetic variability of the breed. The effective numbers of
founders and ancestors obtained in this study were similar to those
observed by Danchin-Burge et al. (2012) for the Alpine, Saanen and
Angora breeds of goats, even though these authors reported that
the number of ancestors contributing 50% of the genetic variability
of the population was  much higher than observed in this study for
the reference population.
The ratio fe/fa was equal to 2.59 for the total population and
2.38 for the reference population, indicating a major bottleneck in
the population of Boer goats, due to the intensive use of few lines,
that is, few sires have a strong inﬂuence on the genetic variability
of the population. In a study with Markhoz goats, Rashidi et al.
(2015), reported an estimated ratio fe/fa equal to 1.32, which can be
considered favorable, as a ratio closer to 1 indicates that no serious
bottlenecks have occurred in the population over the last years.
The GCI calculated for the reference population (Table 2) indi-
cates that animals have an average contribution of 10.0 founders
(assuming they have balanced contributions), but the variability
among individuals in the number and balance of founder repre-
sentation was  large (Table 2). It is expected that the use of GCI in
a breeding program, will contribute to maximize the retention of
allelic richness present in the base population (Alderson, 1992), but
this estimation does not take into account the bottlenecks in the
pedigree, which may  have been caused by individuals not founders
(Vicente et al., 2012).
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5. Conclusions
Pedigree analysis was efﬁcient in evaluating the population
structure of Boer goats in Brazil and should be used in monitor-
ing its genetic variability. Inbreeding levels were low and effective
population size was high.
The population indicators show no signs of genetic erosion, but
there are bottlenecks in pedigree due to intensive use of some sires
and dams. The continuous ﬂow of genes from imported animals has
contributed to the maintenance of genetic variability in the studied
breed, but monitoring of population parameters such as inbreeding
are fundamental for breed preservation and to maintain long-term
genetic diversity.
Actions to prevent further loss of genetic variability must be
taken into Boer goats, including the selection of animals with
balanced contribution and low level of relationship with the
population. Inbreeding levels and other population parameters
estimated for Boer goats in Brazil, indicate that there is sufﬁcient
genetic diversity to be exploited in a breeding program of this breed.
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